Abstract Obesity is an increasing public health threat worldwide. However, there has been insufficient research addressing the obesogenic potential of prenatal exposure to environmental endocrine-disrupting chemicals, largely due to complexities in the design, analysis, and interpretation of such studies. This review describes relevant biological mechanisms, addresses current challenges for investigators, presents potential strategies for overcoming them, and identifies areas where further development is required to improve future research. Special considerations for exposure assessment, outcome heterogeneity, and complex confounding structures are described.
Introduction
Obesity is one of the greatest public health threats in the USA and a pressing international public health problem. Approximately 78 million US adults are obese (36 %) and the WHO estimates that 2.3 billion people on this planet will be overweight or obese by 2015 [1, 2] . More troubling is the increasing prevalence of obesity among US children, rising from 14 % in 1999-2000 to 19 % in 2009-2010 [2] . Obesity during childhood is associated with increased longterm risk of type 2 diabetes, cardiovascular disease, metabolic syndrome, non-alcoholic fatty liver disease, infertility, cancer, and other chronic diseases [3••] , resulting in substantial financial and personal costs [4] . Because there are few effective interventions that lead to stable weight reduction once a person becomes obese or overweight, prevention is a public health priority [5, 6] .
While caloric imbalance resulting from excess food consumption and inadequate physical activity are the primary proximal determinants of the obesity epidemic, there is growing evidence that the in utero environment programs the fetus for obesity risk. Gestation represents a discrete period of high susceptibility to obesogens, since epigenetic programming and other molecular mechanisms during fetal development may permanently affect adipogenesis, metabolism, and appetite across the lifespan. Prenatal exposures that increase the risk of obesity have been labeled 'obesogens,' and some experimental and epidemiological studies have suggested that these exposures cause obesity independently or mediated by the traditional risk factors.
An adverse fetal environment can lead to enduring functional and structural changes to the body that increase obesity and chronic disease risk via programming of neuroendocrine systems involved in energy metabolism [7] . The endocrine system-including gonadal hormones, cortisol, and thyroid hormones-play important roles in fetal growth, metabolism, and adipogenesis [8] . Though other chemicals may influence obesity, environmental endocrine-disrupting chemicals (EDCs) are of particular concern because of their ability to alter endogenous hormone signaling and metabolism, which may adversely affect adipogenesis or induce epigenetic or molecular changes that alter hormonally sensitive endpoints such as metabolism, energy homeostasis, or appetite. The developing fetus is particularly sensitive to hormone-like xenobiotics because biologically protective mechanisms (e.g., DNA repair, detoxifying enzymes, and a fully functional blood-brain barrier) are incompletely developed in utero [9] . Gestational EDC exposures may ultimately result in irreversible changes, whereas exposure later in life may be reversible or removal of exposure may diminish adverse effects [10] . Likewise, experimental evidence suggests the potential for new and emerging EDCs that may influence adiposity [11] . Epidemiological investigations of prenatal obesogens present special challenges during the design, analysis, and interpretation of studies. These include exposure assessment, outcome heterogeneity, and complex confounding structures. This review provides an overview of potential mechanisms of obesogen action and focuses on these challenges, presents potential strategies for addressing these issues, and highlights areas where additional development is necessary to improve future research.
Potential Mechanisms of Environmental Obesogens
The intrauterine environment affects multiple biological mechanisms influencing early growth, metabolism, and appetite, and fetal adaptations to an adverse intrauterine environment may catalyze enduring changes in glucoseinsulin homeostasis [12] and increased adiposity [13••] . Perturbations to maternal nutrition can influence later health outcomes, and both insufficient fetal growth (birth weight below the 10th percentile) and excessive growth (birth weight above the 90th percentile) are associated with dyslipidemia, type 2 diabetes, obesity, and metabolic syndrome during adulthood [13••] . As evidenced by a 5-month famine during 1944-1945 in a previously wellnourished population (The Dutch Hunger Winter), a short period of severe maternal nutritional restriction adversely affects offspring at multiple stages of gestation [12] . Exposure to famine during early gestation increased risk of higher lipids and obesity in adulthood, whereas exposure late in gestation decreased glucose tolerance [12] . Fetal growth restriction can catalyze postnatal 'catch-up' growth and 'adiposity rebound,' resulting in greater body weight during childhood [14] . A recent retrospective cohort study of members of Kaiser Permanente found that infants born after intrauterine growth restriction (IUGR) grew faster during the first year, though no differences in body mass index (BMI) were obvious. However, during adolescence, those who had experienced IUGR had significant increases in waist circumference (67.0 vs. 65.3 cm) and insulin level (15.2 vs. 11.0 μU/ml) with decreased adiponectin levels (9.0 vs. 12.0 μg/ml) [14] .
Gestational environmental EDC exposure may adversely influence neuroendocrine circuits, hormonal regulation of adipose tissue development, and regulatory systems controlling body weight [15] . Studies suggest that these biological systems are sensitive to prenatal EDC exposure, related to subsequent development of obesity or metabolic disorders, and may be amenable to epidemiological study (Table 1) . Rigorous mechanistic examination of the action of environmental obesogens requires epidemiological studies with in-depth analysis of energy expenditure, molecular phenotypes, adipose distribution, and epigenetics, among other potential mechanistic pathways [16] . Since the study of obesogens remains in its infancy, relevant biological mechanisms and appropriate measures of each are unknown, necessitating epidemiological studies with banked biospecimens or the development of new prospective cohorts with appropriate measures. Below, we briefly describe three potential mechanism of obesogen action: appetite regulation, adipocyte function and differentiation, and changes to the fetal epigenome. Grün and Blumberg offer a full review of proposed mechanisms [17] .
Metabolic Regulation
EDCs may interfere with food intake and energy expenditure by disrupting adipocytokines, such as leptin and adiponectin. For both children and adults, leptin and adiponectin are critical regulators of body energy balance, glucose and lipid metabolism, and insulin resistance, but elevations in leptin may be the result of different biological mechanisms depending on the life stage [18] [19] [20] [21] [22] . Primarily produced by adipocytes, but also by the placenta, leptin regulates appetite and bodyweight by conveying satiety signals to hypothalamic receptors, resulting in central regulation of both food intake and energy expenditure [18] . For the fetus, leptin signals that existing fat depots are sufficient and additional storage of fat is unnecessary [23] . Experimental evidence suggests that leptin may upregulate 11-β-hydroxysteroid dehydrogenase-2 (11-β-HSD-2), shielding the developing fetus from the growth-inhibiting properties of glucocorticoids [24] . Macrosomic offspring of diabetic mothers have elevated leptin [25] , whereas low concentrations of placental and cord leptin [26] and increased cord blood leptin promoter DNA methylation are observed among small for gestational age infants [27] , suggesting that both too much and too little leptin reaching the fetus results in non-optimal fetal growth phenotypes that subsequently increase long-term obesity risk [13••] . Caloric restriction decreases leptin, whereas overeating elevates leptin [28] . In a healthy adult, leptin is proportional to body fat, delivers the satiety signal to the hypothalamus, and acts peripherally to reduce subsequent energy storage by signaling to the pancreas to decrease insulin secretion. This suggests that leptin may not be a causal agent when measured in childhood or adulthood, but rather a marker of obesity. However, when this system is de-coupled, leptin resistance in the pancreas ensues and insulin increases [29] , making abnormally high leptin a marker of metabolic dysfunction among adults.
Adiponectin is also a critical metabolic regulator secreted exclusively by adipose tissue in non-pregnant individuals [18] . Some evidence suggests that the placenta synthesizes adiponectin during pregnancy [30, 31] . Circulating adiponectin is low in individuals with obesity or insulin resistance [32] . Among non-pregnant adults, adiponectin promotes insulin sensitivity. Pregnant women with gestational diabetes or prepregnancy obesity tend to have low adiponectin levels and deliver large infants [33] , whereas women who are leaner prior to pregnancy have high adiponectin levels [34•] .
Gestational EDC exposure may have long-lasting impacts on adipocytokines. In a Danish birth cohort, women with the highest gestational perfluorooctanoate (PFOA) exposure had a threefold increase in risk for overweight/obesity at age 20 years [relative risk=3.1; 95 % CI 1.4-6.9] compared with women with the lowest exposure. Consistent with this, increasing maternal PFOA exposure was associated with increased serum leptin and decreased adiponectin at 20 years of age [35] .
Adipocyte Function and Differentiation
EDCs may directly bind to nuclear hormone receptors or impact the metabolism/transport of endogenous hormones. Nuclear hormone receptors and their endogenous ligands, which include gonadal hormones, insulin, and glucocorticoids, regulate adipocyte function, proliferation, and differentiation [10, 36••] . Experimental studies suggest a role for sex steroids in regulating both adipocyte size and number [37] , influencing disposition and remodeling of adipose tissue [38, 39] , and counteracting the promotion of lipid accumulation by insulin [17] . However, the estrogen-body weight relationship changes over the lifecourse. Elevated estrogen levels have obesogenic effects during fetal development and antiobesogenic effects during adulthood, especially in postmenopausal women [15, 37] . During development, exposure to estrogenic substances leads to increased bodyweight and adipocyte number [9] , as evidenced by experimental studies of gestational exposure to the estrogenic chemical, bisphenol A (BPA) [40, 41] . An association between prenatal BPA exposure and increased waist circumference and BMI at 4 years of age has been observed in humans [42] . However, others observed that greater prenatal BPA exposure was associated with reduced BMI among girls but not boys at 9 years of age [43] .
The peroxisome proliferator-activated receptors (PPARα, PPARδ, and PPARγ) are nuclear hormone receptors that regulate many facets of lipid and glucose metabolism. In particular, inappropriate PPARγ activation leads to increased adipocyte differentiation, energy storage, obesity, and insulin resistance [10] . Lipid metabolism and glucose homeostasis are intricately connected and dysfunction in either causes progressive metabolic signaling across tissues, ultimately affecting adiposity and appetite. Although insulin's primary function is to promote glucose uptake, it is also essential for breaking down triglycerides. Deficits in neuronal insulin receptors are associated with overeating and obesity, and metabolic compensation between muscle and fat due to glucose intolerance results when insulin signaling is disrupted [44] . Fetal hyperinsulinemia prompted by a maternal diabetic state (either gestational or pregestational) increases adiposity of the fetus, and increased maternal and fetal glucose levels promote unnecessary nutrient storage [8] . EDCs may cause subclinical fluctuations in maternal-fetal insulin and/or glucose that similarly promote adiposity to a lesser degree than a maternal diabetic state. Additionally, some EDCs, such as phthalates and perfluoroalkyl substances, are known PPARγ agonists, which stimulate proliferation of adipocytes and are associated with increased waist circumference [45] [46] [47] .
The glucocorticoid pathway is also susceptible to the influence of EDCs. Glucocorticoids (cortisol in humans) are steroid hormones produced by the adrenal cortex, which regulate multiple processes necessary for the maintenance of blood glucose [48] . In experimental models, exposure to exogenous glucocorticoids in late gestation leads to glucose intolerance persisting into adulthood [49] . Glucocorticoid receptors (GRs) are expressed throughout fetal tissues and the placenta [48] , and excess intrauterine glucocorticoid exposure reduces the quantity of GRs in the hypothalamus, degrading Table 1 Summary of biological mechanisms for obesogenic action of endocrine-disrupting chemicals and potential endpoints for epidemiologic study
Obesogenic mechanisms
Example endpoints
• Increased food intake, decreased energy expenditure, disrupted satiety signal, and increased bodyweight
• Adipocytokines (e.g., serum leptin)
• Non-optimal size at birth with adverse effect on lifelong growth trajectory and body weight/composition
• Birth anthropometrics, adipose distribution (e.g., skinfold thickness)
• Modified disposition of adipocytes affecting body composition • Body fat distribution (e.g., dual-energy x-ray absorptiometry)
• Disturbed metabolism and transport of endogenous hormones resulting in excess body weight
• Gonadal hormones (e.g., estrogen)
• Dysfunction of glucose/lipid homeostasis or insulin resistance • Insulin (e.g., oral glucose tolerance test) • Changes in epigenetic regulation of adipogenesis, appetite and satiety signaling, and glucose/lipid metabolism
• DNA methylation, histone modification, or expression of genes involved in metabolism or adipogenesis the negative feedback satiety signal sent to the hypothalamicpituitary-adrenal (HPA) axis [50] . Local placental expression of 11-β-HSD-2 prevents excessive glucocorticoid passage from the mother to fetus and cortisol-induced growth inhibition [51] . Phthalates inhibit 11-β-HSD-2 activity in animal and in vitro models, suggesting that exposure to this class of chemicals could have obesogenic activity by increasing prenatal glucocorticoid levels [52] .
Epigenetic Modifications
Recently, attention has turned toward understanding how environmental chemicals might alter epigenetic programming, which involves heritable changes to gene expression without modification of the underlying DNA sequence [53] . Epigenetic changes during development, such as DNA methylation or histone modification, to genes involved in metabolism or adipogenesis have long-lasting impacts on metabolic systems [54, 55] and may elicit transgenerational effects [56] . Some, but not all, experimental studies suggest that gestational exposure to estrogenic EDCs (e.g., BPA) can induce epigenetic programming associated with obesity [57, 58] . Multiple EDCs are capable of modifying patterns of DNA methylation, including diethylstilbestrol [59] , tetrachlorodibenzo-pdioxin [60] , and BPA [61] . As high-throughput technology for measuring epigenetic marks has become cheaper, epigenetic studies are becoming more common and increasingly feasible to implement. Currently, the greatest challenges to incorporating epigenetics into epidemiologic studies are identifying the most informative and accessible tissues to study, as epigenetic changes can vary across cell types and time, and the clinical implications of observed changes are largely undetermined [62, 63•] .
Epidemiological Considerations for Measurement of Obesogen Mechanisms
Interdisciplinary collaboration among laboratory scientists, epidemiologists, and clinicians is needed to identify biological mechanisms relevant to prenatal programming of obesity and to develop valid and reliable methods for epidemiological studies. The choice of biomarkers or measures should consider their comparability to animal studies and efforts should be made to identify endpoints that can be 'anchored' across species. Clinical relevance of these biomarkers in obesity development should be considered since some markers can be measured before obesity develops (e.g., cord blood leptin levels) and their role in adult disease is not fully understood. Below, we describe the key methodological points of concern for the study of EDCs as obesogens, including challenges in exposure assessment, identification of the most scientifically relevant endpoint, and the handling of potentially complex confounders (Table 2) .
Exposure Measurement
Accurate exposure assessment is universally necessary for environmental epidemiology studies, but the choice, timing, and collection of biospecimens and attention to pregnancyinduced pharmacokinetic changes are particularly important in the study of prenatal obesogens. For many chemicals, there are multiple potential biological matrices for assessing prenatal exposure (maternal blood, cord blood, urine, hair, etc.). Thus, the choice of matrix should consider logistical challenges, including sample contamination and biases arising from compliance with biospecimen collection. Sampling schemes must be thoughtfully designed to capture the etiologically relevant window of exposure, such that exposure assessment covers potentially sensitive periods of vulnerability to chemical obesogens and reflects the totality of human exposure to multiple environmental chemicals [64, 65] . Timing of sample collection for persistent pollutants may be more flexible, whereas non-persistent chemicals that are metabolized within hours or days may require repeated assessment or collection of integrated matrices [64] . It is often necessary to account for urine dilution or plasma volume expansion (PVE) since confounding may arise if PVE or urine dilution is related to both the exposure biomarker and outcome under study [66] . Collecting multiple matrices may be advantageous since an alternative matrix, less influenced by PVE or urine dilution (e.g., hair, meconium [67] , shed deciduous teeth [68] ) allows for comparison of environmental chemical levels across matrices. Alternatively, investigators may conduct sensitivity analyses stratified by factors associated with PVE or urine dilution that are most relevant to the study population [66] . More broadly, this is an area where development of exposure assessment methods geared toward the complexities of pregnancy is necessary to improve studies of gestational exposures. The influence of body composition on blood EDC concentrations can be quite complex, particularly in the case when the chemical of interest is lipophilic. Inverse associations between lipophilic compounds, such as polychlorinated biphenyls (PCBs), measured in maternal blood, and offspring body weight or BMI may be explained by a weight gaininduced dilution of serum PCB levels during pregnancy [69, 70] . Normal physiological changes during pregnancy are one potential source of bias, but sub-clinical/clinical disease may alter both fetal growth and the metabolism or excretion of environmental chemicals. Investigators often employ lipid standardization to account for the difference in blood concentration of the chemical of interest and that in the relevant physiologic compartment (i.e., adipose tissue). Commonly, the ratio of the exposure of interest to blood lipids is utilized to estimate the true adipose tissue concentration [71] . However, improper lipid adjustment can substantially bias effect estimates [71, 72] . In choosing how to treat lipids in a statistical model, it is essential to thoughtfully evaluate the presumed causal structure of the relationship under study, gauge relevant biological mechanisms, consider the media in which the lipophilic compound was measured, assess the implications of laboratory analytic technique, and address any assumptions required by the specific statistical model being used [72] . In many circumstances, the treatment of lipids as a separate covariate in the model is the least biased [72] . Despite advancements, this is an area in which active development of rigorous methods is warranted.
Identification of the most relevant chemical exposures is inherently difficult because humans are exposed to complex chemical mixtures every day. Examination of the effect of chemical mixtures requires clear delineation of potential sources, understanding of pharmacokinetics, knowledge of interactions among substances, and an ability to account for common modes of action across chemicals [73] . Acknowledgment of this complexity and advances in both statistical and exposure assessment methodology will assist in moving away from explorations of single exposures to more rigorous multipollutant models. However, this remains an area of active development within the field of environmental epidemiology [74] .
Defining the Operational Outcome of Interest
While obesity is a fairly straightforward conceptual outcome, the heterogeneous nature of this disorder requires understanding of metabolic profiles and adipose distribution in choosing an operational definition for obesity in a particular study. Both healthy and unhealthy metabolic profiles are observed among obese individuals [75] , suggesting the potential for different etiologies and consequences, making the choice of endpoint in studies of prenatal obesogens critical. Assessment of caloric intake and energy expenditure is necessary for studies of obesogens examining metabolic efficiency. However, in order to elucidate the complex interplay among potential obesogen targets, investigators must move beyond opportunistic examination of anthropometric measures and turn their attention toward more refined measurement of body composition, potential confounders, metabolic sensors and programming, hormonal axes, and hunger and satiety [15] .
Birth anthropometrics are tempting endpoints as they have been correlated with childhood obesity [76] . However, they may not capture important metabolic differences and their association with long-term risk of chronic disease may vary across populations and ethnicities [77•] . It has been suggested that more sensitive measures of obesity than birth size and total body fat may be required to predict later complications such as metabolic syndrome [78, 79] . Body fat distribution and metrics that allow the differentiation of subcutaneous versus visceral or truncal versus gluteal fat should be utilized based upon the ultimate endpoint of interest [80] . When the goal is to assess body composition, a pragmatic choice must often be made to balance the aims of the research against logistic aspects of outcome assessment including availability of equipment, cost and sample size, and participant burden or invasiveness of the measurement technique [81] . Fortunately, there are multiple techniques for measuring body composition in infancy/childhood to suit a variety of research settings and scientific needs [77•] . Magnetic resonance imaging (MRI) [82] , dual-energy x-ray absorptiometry (DXA) [83] , and air-displacement plethysmography (e.g., PeaPod®) [84] , are robust and well-validated methods for assessing body composition but require specialized equipment and considerable Additionally, MRI or DXA measurements require sustained periods of stillness from the participant and investigators must carefully consider whether this is an ageappropriate expectation for children in the study [85] . Airdisplacement plethysmography measures body density and calculates the proportion of body fat using Archimedes' principle; however, the PeaPod® only accommodate body weights up to 8 kg, which is only typically useful until 4-6 months after delivery [77•, 86] . Simpler methods such as skinfold thicknesses and bioelectrical impedance analysis (BIA) can be highly informative for assessing body composition and offer pragmatic advantages in many research settings [77•, 86] . Skinfold thickness has been successfully validated against DXA for measurement of body fat in infants and newborns [87] . For older children, BIA can be very useful, whereas it is not readily applied during infancy due to the difficulty in appropriately placing electrodes and the requirement that muscles are relaxed [77•] . Understanding metabolic phenotypes of obesity is an increasing research priority, but, to date, adipocytokines, hormones, and molecular endpoints have been under-utilized in epidemiologic studies of obesogens. Such measurements are necessary to advance mechanistic understanding of the metabolic underpinnings of obesity. Assays are available to measure leptin and adiponectin in cord and maternal blood; however, the etiologically relevant time period remains unclear, making the appropriate timing of sample collection difficult. Assessment of changes in placental leptin, leptin receptor, and adiponectin receptor messenger RNA (mRNA) have also been used to describe adipocytokine profiles during pregnancy [88] , and these may prove most relevant to assessing fetal effects.
Maternal and fetal glucose, lipids or fatty acids, insulin and insulin-like growth factors, cortisol and its binding protein, as well as gonadal and thyroid hormones should be further explored as important mechanistic endpoints for the study of obesity. Optimizing such endpoints for research is not a simple task, though. Meaningful measurement of insulin in young populations can be challenging, because no universally accepted standards of insulin resistance have been developed due to a lack of sufficiently sized cohorts to describe normal variability among children [89] . Highly valid measurements of insulin sensitivity (e.g., euglycemic hyperinsulinemic clamp, frequently sampled intravenous glucose tolerance test) are costly and require high participant burden due to the necessity of serial blood samples. The oral glucose tolerance test has a lower cost and burden. However, references for juvenile populations are not validated; fasting insulin is not always well-correlated with insulin resistance in children and is not optimal for examining peripheral insulin sensitivity [89, 90] .
Salivary cortisol is used to measure HPA axis function. Levels rise early after waking and fall over the course of the day, requiring collection of three to six timed saliva samples for accurate characterization of diurnal rhythm [91] . Certain features of cortisol profiles are associated with coronary calcification in adults [92] and elevated maternal cortisol levels during pregnancy are associated with decreased birth weight [93] . Biases may arise when examining associations between obesogen exposure and salivary biomarkers because the timing of saliva collection predicts cortisol levels and factors affecting compliance with saliva sample collection may covary with factors predicting obesogen exposure. Despite these difficulties, a fuller understanding of hormonal and molecular endpoints is necessary for elucidating obesogen mechanisms and identifying windows of susceptibility.
Special Issues of Confounding and Potential Effect Modification
Though not specific to the study of environmental obesogens, the time-varying nature of EDC exposure, confounders, and outcomes can increase analytic complexity. Additionally, prenatal effects may be mediated by a postnatal phenotype if gestational exposure leads to increased appetite during childhood and a subsequent rise in BMI. This highlights the necessity of clearly defining the exposure and outcome under study as well as refraining from the use of cross-sectional designs. Statistical methods are available to address the complexity of time-varying confounders and mediators [94, 95] .
Because several known risk factors for obesity (e.g., diet and physical activity) are directly or indirectly associated with EDC exposure or factors involved in EDC measurement, it is essential to control for such confounders during statistical analysis. However, difficulty ensues when measurement of Fig. 1 Potential differences in the direction of confounding based on nutrient quality and source in the investigation of the effect of gestational bisphenol A (BPA) exposure on infant adiposity. (+) denotes a positive association between the potential confounder and either BPA exposure or infant adiposity such that as the value of the confounder increases, the value of the exposure or outcome increases as well; (-) denotes a negative or inverse association between the potential confounder and infant adiposity, such that as the value of confounder increases, the value of the outcome decreases exposure and confounder becomes entangled. A high-calorie/-fat 'Western diet' is also high in lipophilic environmental chemicals [96] . However, traditional assumptions about the associations among diet, chemical exposure, and obesity may be overly simplistic. For instance, positive associations between urinary BPA levels and BMI in cross-sectional analyses may be due to residual confounding from unmeasured dietary sources of BPA exposure that are also important determinants of adiposity (e.g., soda or canned foods) [96, 97] . However, some canned foods are a source of micronutrients and fiber (e.g., beans) while others are less nutrient dense (e.g., pasta) [98] . Thus, the direction of confounding will depend on the dietary source of BPA exposure and its association with obesity (Fig. 1) . Typical food frequency questionnaires or 24-h recalls are designed to assess macro-or micronutrient intake, but do not capture the nuances of nutrient source. Thus, these instruments may mis-specify dietary confounding. Future questionnaires must be detailed enough to capture both sources of chemical exposures (i.e., food packaging) and nutrition.
Assessment of physical activity is equally complex and pivotal. While physical activity is not directly related to EDC exposure in the general population, excretion and metabolism of EDCs may be influenced by greater physical activity. In occupational settings, blood concentration of trichloroethylene and urinary excretion of related metabolites doubled when workers engaged in rigorous physical activity (50 W workload) during exposure via inhalation, though similar activity after exposure had less impact [99] . Intense physical activity and greater muscle mass are associated with increases in serum and urinary creatinine [100, 101] . Frequent physical activity may result in greater urinary creatinine or higher rates of excretion of persistent chemicals, thereby confounding the EDC-obesity association in ways that are not easily predictable. Physical activity can be challenging to quantify, though recent advances in accelerometers, pedometers, and heart rate monitors make detailed physical activity assessment more accessible and affordable for epidemiological studies [102] .
Finally, the potential for effect modification of the EDCobesogen association cannot be overlooked. Sex-specific differences in body fat distribution in humans suggest that the physiology of adipose tissue is sexually dimorphic and related to endogenous gonadal hormones, including estradiol and testosterone [103] . Observation of sex-specific effects of BPA [43] and other EDCs highlight the need for larger studies to examine potential effect modification by infant or child sex when studying obesogenic effects of EDCs since many existing cohorts may not have sufficient statistical power to do so.
Conclusions
Obesity will continue to be one of the greatest public health threats to this generation of children. Because there are few effective interventions to reverse obesity and there is evidence that gestational EDC exposure increases obesity risk [36••] , there is a compelling need to conduct targeted research aimed at closing current knowledge gaps. In order to advance epidemiologic knowledge, additional methods development is needed to improve exposure and outcome assessment as well as to improve measurement and statistical control of confounding. Investigators must move beyond opportunistic assessment of environmental exposures and simplistic measures of obesity in order to advance knowledge of obesogenic mechanisms. Research efforts must be geared toward novel, carefully designed studies, primarily aimed at examining potential obesogens. If chemical obesogens are identified, prevention and elimination of chemical exposures during windows of susceptible development must become a public health priority in addition to the current focus on intervention and weight reduction during childhood.
